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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field effect 
transistor where a threshold is controlled satisfactorily 
by means of the composition of a SiGe layer and to 
promote microminiaturization of an insulating gate-type 
field effect transistor using a SiGe gate. 
SOLUTION: A gate insulating film 14 is formed by 
thermal oxidation in an oxidizing gas atmosphere on a 
semiconductor layer 13, and a SiGe layer 15 is formed 
on the gate insulating film 14 in an evacuated 
atmosphere where oxidizing gas is removed by a 
sputtering method. The SiGe layer 15 is patterned, and a 
gate electrode 15a is formed. A source 13a and a drain 
13b are formed and the MOS transistor (insulating gate- 
type field effect transistor) 1 is formed. Thus, 
controllability of the composition ratio of Si and Ge in 
the SiGe layer 15 is improved, by forming the SiGe layer 
15 constituting the gate electrode 15a by the sputtering 
method. 
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[SI] CVD&K:J:&S i l _ I Ge, Jf<£>J&JR-Ctt 
Si,., Ge, ©fflj£ifc©M©1£aH-#^;£&< . S i 
Ge, JI*fl^K3RKffll>fca|f»tt^©«ptt*s^ 

i 3 iMzmmx^zmiafric 

Ml 4±ta/'i^'SK < torS i Ge® 1 5^!$MT 
•5. S i GeJBl 5^^-->ytty- hS&l 5 
a *JBiao*:«, 1 3 a&O' F W > 1 3 b «B 

•SS iGell 5 £&{t«fc oTJ^M"r-5 C t 

~C, S i G el 1 5 (CfcWS S i <fc G e £ ©ffiJj£i:t©*IJ 



w 



(I ) 



(2) 



13 



J5a y-H 



-12 

-II 



..J5 S i Gefl 



14 f-M«*Bi 



13a 



15a (3b 



C3) 



17 N 15a 





(2) 



[ mm 2 ] nmm 1 1 m<o¥-mw%m:<Dwm-fi& «c 

is^x. 

~ mtfertxnm^fctevzWkmUck-oX, ¥m#m io 

mumv&n* zmikLx&f&L ?cM&%mm,<p <,> 
t, Misy— h $6iitM±tciuie~> y =i >wv- ^ aji 
zmmvxj&mirzct. 

[ if Jjos 3 ] If mm l f Btg©^»»^g©Si**ffi tc 
kit®* 1 6»cy- h j&nuif 4 mris^ y 3 >y>u-7.=- ^ 

Algi^ailt^It^Ci, 20 

i mm 4 ] if mm i %zm<D*m&gm<Dwmjjm «: 

~> <) n £*zS£*:JI±K:y- USSl^SHSUfc 

AgJbiC^lt^ n >y>uv^ ^mccMuxmms -t* 
r^y 3>jf£j£nu 

Butasx y a aji 4 tuiB^ y ^ >m 4 £ 

- > ^ u -c y- b l- /cm . s»y- 1- mm 
&m5W&xffi&m&#m±.K.&mm*f&mL, 30 

uxm&&mmzm&2-&xisv-?-4 Ki^Mt^c 

4. 

4 ? i>^m#mmcom^m. 
[ w mm 5 ] wwas 1 itft<D*m#msvmmjimd 

te^x. 

[If JjSK 6 ] flh7>^* =&«X./C**f*^g© 40 

n>TJ^U/c^y3>y;l^-3Ajg£Jfl>T^/&£n 

[ it mm 7 ] mm 6 BB©*JW**a©«3ft*ffi»c 

±«ctb*> e>jmKltrfB-> y 3 > y^ - a® 4 y = . 
ymtz&mi'Xfcmi'. si->';a>^7-^As 50 
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4 t z*m<*mmcowm.i}m. 
i nmm 8 ] i f mm 1 E«©*»»*aK o«fi^s tc 

I4**x^«^u, miB^y 3>B*®^^ks#ry 

r. fussy- hiftlMLhtc^'Cy ^(ci^ty-FS 

{ mm 9 ] mm 1 mm>mm^^.<ommim k 

fWB + * ;ujf b /cf*. fu f BX£#ffifl# Kfc «• 
^ffitCfc-^t, lulB->y 3>H±tCT»*>?>IM 

[ iff 1 0 ] mm 6 ABtt® ¥attt«®cB£&& 

fch (CTJl * 3 6 JllfC y 3 >H 4 fuf B^> 'J 3 > y ^ 

J5 4 ^ig •> y 3 >g 4 *i 6 & S 5 1 f * j&a-r 4 C 
4, 

[0001] 

[fgi!)!©jg-r5gtffi#»] *#6Bj«, ^^siaoisfjt 

[0 00 2] 

^ y y n 6 5 y- h *@ =£ffi ^fcli^c «, 9^ 
+ *^l4*K*«<SV»««'Cl/#lr i lfi3&n : :36 s '3 MO s 

[0 00 3] ^Cf, r I E DM, 90 (1990) 
(tH:) p. 253-256 J-?> ! IEEE ELECTRON D 
EVTCE LETTERS , vol .12, NO. 10 (19 9 1-10) 
(*) p . 5 3 3 - 5 3 5 j BBtS© «fc 9 vC , ' PM©TPE 




mZ-am-f&^'J^^-f^-VJ* (Si,., G 
e, . aTSi Ge if3T) try- r«S*fl*fi£T4C: 
£#«J63ftfc. ±IBP* SiGett, 
A> K¥+ » , 1 V&T©(£SE©SeB{C*5^ 

-CtS. C©fc£>. EI7(C^TJ:^{C. P* SiGe* 

WZft&c -g-bt. ri. EDM. 9 3 (1 9 9 3) 

(*) p . 727-728J fBi£©<fc 5 (C, y- 
"(CP* S i GetllsiCi-CftWHRKA-jtLtl* 

0. 2 5 (im©MOS h 7 >i?X ^CDfg^r§#fe-ftLr 

[0 00 4] £6(C. IIF^y^^Kfc^tii, ? 
+ *;WSB=SrS i Ge-Ci^CiKi-oti'JiSi,^ 

+ yro^ttg^ii^-r-scij&i-ct-s. c©j§-£, s 

i,., Ge, {C*$C>-C, x = 0. 2~0. 2><Dl&mcir 

[0 00 5] «±© j: 5 jc. ^mwmm<omimnt u 

TS iGeBiStCft-5t?n>5. -5-ut, mii. 
JblBS i Ge%fflWc^«HgiOTS i Get*6 
&5y-hSi4*t4MOS r-5>^*2£I£g-r-5 

•S. LP-CVDffi^7X7CVDfflCi^ 
T, JSy-HfilWBLhtcS i GeJB**RRl/telft. C 
©S i GeS^^-->^W- h^S2:?f5l?£Tr 

[0 00 6] 

[#691#Ji?&OJ:5£-rSKJm] ±IBSNM*^ 
«©«ift#&rtt. CVDatcJ:-oTS i Gel^I 
ltt^Ci*6. MJ£©fWfflJte*2gl>. #(cy 
^vCVDffiKio'OjSjBSLfcS i GeJIitB, ^ 

g^7K^fi£JSB#{cm f 3ii*nr us 5. c©/cs!>, c 

©S i G eJE*>6&Sy- h«@*WTSMOS 
J^X $TB, 0 *l»tf©iW®te*»4 C 4 #T * 

&lr». Cfttt, _LfBMOS h^>S/**©SKS#ft©{£3i 
^IfSSSKiotl,^. iSfc. C©SiGeil?:ffl 

tt. ±IB?1JR F7>-^$ (cfctt Sttfjayg©!* 5Sf b* 
[0 00 7] 

[R»&»8W*fc&©*a] ±IBI£gI£fi?&-rSftsb 
tffiiltffil^WS i GeB*^"^ffitCj:,t 

■ft'&Tiz . j&s&y- h isos^^ h > s?* * ©y- 

h , ±f B S i G e M -CW-i&f 5 . 
[0 00 8] Jhfi2f»*il 1 fC^ «fcft«, te»-(C 

g^etifc^^-^'f Kclt*^? £-f -5> £c© 



(3) ttWR 1 -3 9 9 9 
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fltfj{tfcn6ftT(,>-5>;*A», £&fC<fco"Cy- r-SMS^rlfc 
fiSTiS i GeJ»#J5E«Sft4. C©fcfe, ffljsfcjWRJK 
S<«fBJ§ftfi:S i GeIKJ:or^-Hg«2 
ft5C4(C&5„ Lfc*5-5t, S i G e JB©fflJ&CC <fc o 

tit < mm £ tx/cmw^ i-7>^^ &n 

6ftS„ 

[0 0 0 9 ] Sfc. AI3816 K^Watlt SE h 7 
I'S?**©^**^®?:. JhfBS i G eJlT'^-r-S. 
10 [0010] ±fEI»*3J6 CC#£>2fa«:<J:ft«. s> 

•5 C 4 T . ±12 4 H&Kffij&tfflllSA < M*P S^fcS i 

tcifisX. S i GeJS©ifflJS(Cj:-5T + f y T^S6K*5 
ft < HHP § ft/c»M r 9 > V>X $ **» 6 ft -5 . 
[0 0 1 1 ] 

«©HJfi*»0S8«©»M*BiWJ-4. HI 2 tea, — 

ft&xA » ^fiRMKfflir^ftSfiS^g©— 

r-B, — M4 £J&IK££§2 
ffll,>6h5Ci<bt5. C©J5SKSSK2tt. fig&WJKS 
3£H^{C«fcftSfi£&S2 C©ft5«M 

2 1F^(C«, Jia»«W4&fcfiSJWHRW£*f|S!-}-*tt 

ns-t?fifijBtBoi 4 1^—^© * - y •? h 2 3 ifimm. S ft 

S/c, C©^£M^g2 0Cteli-C«, gfm^2 4K:* 
-jKj}<>y*ffl^-5C4t?-^-^JEt>3WSSE^ (10 1S 
P a gfi«T) 4 35: <0 , «^Jg©5I5r X*-^? h6< 
Jj£JgT£C 4#fcti3fe£. X/^y y >y«8S2 

30 2«^-y ^ h©«K*Hfit*ft«RF«WtCl!SA-CDC 

[00 12] SEA:. S3tc«, «HMBKB?m^Hat 
^g©SJB§1f^ll?:7f;Lfc„ C©^(C^-Ti^^g3 
B, F f ggp*XS#Hm«:«oc4*s-C#Smi©^S 

3 1 4^2©S£M^3 2 4A5, y-b;W7 3 3*frL 
X&mStlXKZbVC&Z. ±IBJIl©Rg)Rg3 1 4 
B, WxiiRTO (Rapid Thermal Oxidation ) £>L< 
BRTON (Rapid Thermal Oxy-hJitridation^T'^) 

40 jr^g^jEOfiSJt^ (2 1)-C*5Ctit5. ±K. 
^1©SM13 lif2©SHiS3 2t(3:. a»y- h 
/^uy3 3-C^^ftT*3«3. £*©ga*g«. 
^r^-^EE^Jft lO-'Pa ©Xffi#H«fC«?ttiS. 
•e UT, ©^^lUeSOft^HmtC^fcftfct^ 

Mrr'y- h^^3 3*B*. * 1 ©Sana 314^2 

©JSJ1S3 2 4©Paitfcl,>TJ&MS«W©iJ8M ; HT-5. 

[0013] (* 1 h 1 b, « 1 $mmi&* 

IrBJ-T 5 ?cib©ifEXSiaT**) 0 , WTic c ©El 1 4 ± 
IBIH 2.SO*EI3 4%ffl^rff*3B 1 RUn&3M2 <D§£BJi 
50 «lfflLfcW*y- H01F^lr7>i>X$ (& 
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7\ S^*h7>y^^^LtM0S h7>^ 

£ its-r ) *«xfc^a»*sgK©a8ft*a(D* 1 *sj& 

IKS991 > i. 5W\ Hid) vc^fi^c, J/»;a 
l 1 ±KiWbS/ »; n >#> 8 ft SffiWB 1 2 tfjftM 

-[0014] HI (2) tc^-TJ:^^, C<DJ£JB 

h*fi*m4*JdWT*. C©y- Mfctll 4(DfiER 
V ±15111 10J&JSM3 1 (B3#JH) 10 

F^-fH* (0 2 ) »W*K:«fctlft:*l©J5H«a3 1 
F*3CC*Jl*T, 9 5 0°C, 3 0»iU C^Ciot, B 
»4nmOlB^- h*6»H 4*S*. CCW » 
fct®y- HfeSfH 1 4±&OSS]BM"S S i G elW>6 
Stt^- HBI»Bl 1 4 (B) ^SALtMO 

S h 7 >y ^ >©l * 1 ifl(3«*T5 C i tK±T5fc 

mtumm (n, o> ^msRioNWo 

jjb**- h mm 1 4 <3djsb»s»t b /cm. km 1 
HM3 irttiii2©jaatt3 2rti*BM©*ffitw 

ic^o c COttSfC, r/W:/3 3*H^TJJBJR 
MS^W^^l<^iSM^3 l«*6»20«iI3 2rt 

Lty- r»fi«Kfi(l 411^^ h*ft*S^Cift 
< , ^ISfiW^ 1 <Df&BM3 1 fi^6I2^il 
3 2^ffi^n^ a % &*Cs ^-h;^3 3*HCt 30 
®2 0^MI3 2£#]itT£ 0 
[0016] -eur, +»tt*3B«««:fiifctifc*2(D 

■ l 4±KS i GeJll 5«IT5, CCTi^:, 

m««6fe* (^6S 9 9.9 9 %«±) > =f ^ h 
(*fcg9 9. 9 9 9 9%) Sfl^CifCAot, Bf5E 
©JftSWDS iGell 5£f#£„ ±IBX^* y * fcfctt S 

-rC* * y >^XS^uS : T^=T> (Ar) = 1 0 0 40 
seem, ^?>tt(RF) :8 00W. £5cJft#B 

fNftpXEJl : 1 • 3 P a , j$0tffiK :2 0 0'C, j$ffi 

HU? : 8 0 n m^tcK^T*. 
[ 0 0 1 7 ] ffi, ±15 S i G e HI 5 ©^*ttt, 

BfJ£*®WW *±E*-y^ 

« (H2#JH> 25vU2, RF^IvC^TDCmi^ 

[00 1 8]6Lt^ S iGeil54^'*-->y 
LT^ltS iGell 52»6fc£y~ M6l 5 50 
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[0019] ^©t, HI ( 3 ) &C^-f <fc 9 6C, b 
111 5 a^^^L/c-ft^Ci^t, v-x 
1 3 aMFi/Ol 3 b*JpJjSrS^:«>©>Rft**-te 

W*« % -7^<b*->* ( B F 2 ) ***3R (B) *fc 
tt*^SR<!:^y=3>^CDPM^*B«J«:. 3xl0 15 {I/ 
cm 2 ggiA1-^o 

[0020] &^-c\ r— ~;i/4&3&flsu ±ie^*B®i 

CMSttfbi^Kl, SiGeil 5 ©BtBSIMbtfTS. 
t©RR. ^Fffir^ffiS^oiSffiiattS iGell 

6 0 O'CSKcD^SiRTA (Rapid 
Thermal Annealing ) fcKBELA (Excimer Laser 
Annealing ) m<D&mmmt<D 2 XT v :/T--** 

[0 0 2 1 ] -ecofL 01 ( 4 ) tC^TJ: 9 CC, j»£<D 
XgCCUfc^oT,. Mil 5 a.^XZfchtc? 
- httJURl 4CDX7?>y, *iftB13^^-x 

CffiBiK 1 8 omf&^y l\ MOSh7 $ 1 *3EJ& 

[0 0 2 2 ] ±E»jft*£CC<fctt«, h«S 1 5 a 

jMWftlStifcS i GeJll 5-CflfoaS*iSfc», S i G 
eJB©«««CcfcorUSflr»<l3Wfi<«l»StiytMOS h 
^V^^lWf^nS. L^4>, CVDSfciSS i 

g e mof&mviz, j&mu&% 500 °cmmt * r_b# 

■S1*£i&g#*53&5, ±K*-^* S i GeJl 

OJ&JSrte 200 \:sffioDjSlRSirr.&< , SiGei 

en^ B chit mtf. ±Kjsjaia^^*fl«i4»s 

[0 02 3] S ?>^C, *-r?* ^a^Cj:otS iGell 

S i Gel 1 5«r»SC4*JpIffiCcai. b1c1fi^X % 
S 1 H 4 ^SiGe, *CDStStt.*f^*ffi^S£*^* 
4CVDffiCCj:SS i GemoiJ&Mt&MLX, £±i± 

[0 0 2 4] fiSEBtSrt©f§»*S4>Sclr^^^*ffi 
^ffli^civciot, El3T^b/c<fc9^mjXfir^f 
fcti^y- hMWRl 4 0D^aR«:fflUe)n5RH«[^Ki 
(D*-7^*-^-;Wb*«Se«:«c*. UW-pt, ^ 

[0025] (mzmmmm H4(t m2*ts 

Jg«*ttlBf 4fcfeO»fDSXai2l"C* 0 , KTvCCO^l 




C5) 



7 



o^znMm&*wm?z>. stria 4 <n ^tj:o 

B. E. (Bond and Etchback ) SO I (Silicon 
on Insulator) , Smart Cutffi ( Tl EDM, 
96 (1996) (*) P. 3-10J (clBtgO^ffi) 

*4 2£BO^Ttt£J5flBaiEW' zmM-?z 0 
[0 02 6] #«C, 04 (2) ^^Tck^^, 7,^v$ 

V- M&Kit4 3^it^ 0 ccm «ko»^s io 

X : A r , : 1 0 P aKT, 5£H 

i^K : 2 0 0-C, iSHMil : 6nmicigt^ 0 fSfc S 
iStt^^t? Srffi&CTffirtS'y :a>;fr6&Ser-- FIBISJR 
4 3«UM"5*16«:tt. Ar/0 2 *rSi**-y 

[0 02 7] ^^aiC<tot, C©**-h 

«43±iCSiGei44^Si-r^ C<DSiG 
eB4 4©RBBtt, JJB*ljaW»'Cl»IHU*tiRI« 20 
fcffSCiiri. /c/a, CCTU ^- hii!4 
3CDSiiiSiGei44(D«iiS:, <Dj£fiffirt 

ffi»]R4 3.<Z>JgSBt<fc S iGeI4 4<DJ&mt*ft 

[0028]«±W1 SiGel444^*-->^ 
L/T^ISS i Gei4 4^e^^y- MI4 4 a£7£ 30 
5£r£o 

[0 0 2 9 ] -e-OSL 04(3) CC^-TX®"C«, ±12 
»1 WBB«il3I««:Lt:y-^4 2 aMFU>f>4 
2 b *f 5/c^0^«^*«ftl 4 2 tplcmX 
U -X^X\ T^-^^*J60r*aW*»42*K:*y 

g3 0 8 nm(DS{b^-fe^> (XeC 1) U-1f*ffll* 
Tlshot350mJ/cm 2 0i*W-tOEL 

[0 0 3 0 ] H4 (4 ) CC5*riS*. JbfEHi 40 

lUS^lt'il (4) £/BV* r K9§Ofc40*fcfT5 
CiT, MOS F^>^*#4*:3&?XS-£5. 

[0 0 3 1 ] ±nm^mcXtii'i, S i Ge*645 
y-FSl4 4a^ £ffivCj:oT/£J!I£ft£C 

©Juan* 200 "CffiKJ6tTojsRi*«a["ca; < y - * 

4 2 aM F U >f > 4 2 b 0^*E«9©rgtt<b©fc*07 
S«4 1 i LT{SI1^0rfaSg^7^X (flSfflnJte»ft6 0 50 
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45 0°C«T-C^ffl) tffl^SCiOTIttK 

[0 0 3 2 ] (JF3XMH?tt) %(C* HStS^r, it 
«311, W^2aiMlM«4©*l8*JWi0ft:MOS 

F ^ **«xfc^ffiR{K©»ffiJ5r&©» 1 USS 
*»*«?8-r*. jfe-T, 05 (1) fc**TJ:9fc, mi 
USSJfcJR t H«<D«IRS«W, T4bV^y3>i«l 

3>*6ft 1 3 *Sj$ffi S hto5BWHRW*ffl 

its, -eut, c(Djsi*fiw±^ s ±ssmi9m& 

JltHl (2) SrffllitrBMSUfciBiafcLr, y— F 

«1 1 4 Xtf S i G e Jf 1 5 5. 

C©S i GeJgl 5<DfiWK:aB»Sl±r (^tttofeWEE 

[0 0 3 3 ] ^CCC % 05(2) CC^Tcfc^OC, SiI5 
IMS iGell 5*^i-->^Lry- F«ffi5 
1 a^Mt^o MS5 1 a<DWJigK:*ft 

HH£<DU*-f F-5*--n/5 2*Jgjffi, V-X13aSCFF 

1 3 b^m^^tc^b<D^pm<Dmx^f o/c 

HS5 1 a3SiW-f F>)*-^5 2*«5tt 
ffiT*»#JBl 3±Ki:xrOl,F (Co) *>^£> (T 
i ) ©J:5a*JB«5 3*JSWr*. 
[0 0 3 4] ^CCC, 05(3) Cc^Tcfc^t, 6 0 0 °C 
©RTA*«rriK:<toT*|||4^y 3>4*S/yif-f 
FKJKStfi. CftOCJ:-oT, y-FSfi5 1a©iI 
Jli*2»ft:«l 3 1 3 a&tf FW > 1 

3 b©*ffiJliCC^yif-f FJB5 4*s»JiSSh4. 
8t S/y*^ FJB^CC*^Utt*ofc^BI«5 3BB»* 

^&ffifte»3-&*fc»K:, 8 0 0 - C©RTA«t 

[0 0 3 5 ] KT. 05(4) &c^TX?I£, ±IB* 1 

iasjB«"CHi (4) zm^xi&tMotctmmzif 

4-C, y-hSS5 1a, V-X13aRO'FU^>l 
3 b<Z>3lffifc:->ytM FJI5 4*WT*MO S F^>S> 

[0 0 3 6 ] ±E«i6*ffiCCtet»rtt, -tia^ l mMJ& 

*tEW<D«»4*«:, «aaaa^y*^ fjis 4«:<t 

SjfEiSJS^lSjH b S ft 4 4 1 > 5 6 ft 4 o 

[0 0 3 7 ]^ * 3 Xtkfl^ircBHB Vtc?j&X'te. V 
- F f&ftffi 14^2 HSB&SW? J: 0 * ^Stg 

[0 0 3 8 ] (^4^S^J) ^^C, 06 ^rffl^rif* 

> ^ ^ * * «x. tcmm&mmvm&Xftom 4 xse^ » 




[0 0 3 9 ] SfcT\ m 6 ( 1 ) tCTT^J: 5 * a* v $ 
JI*«B6"r*S iGei62MS iI63i, r 

^nSCiit^ *fcfittS1S6 l£S iGeJ16 
-2iOPJ*CS iJt**J3SLT*>Al». ±IHSiJ16 3 
tt, SiGeI6 2r»Jffi3*l** + *Jl'«6 2 c i-Jr 

[0 04 0]^ ±E^- h**»6 51*. S i £fcl<;£ 
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